The aim of this investigation is to determine haematological parameters of ewes during lactation in organic farming. Research was carried out with 32 Merinolandschaf ewes in age of 4 years and in third lactation. Sampling of blood from the same ewes was conducted on 20 th , 60 th and 100 th day of lactation. 
INTRODUCTION
The organic farming sector in the EU has been rapidly developing during past decades (Sauer, 2015) . Accordingly, organic farming of livestock is becoming more important. With an increasing interest in organic sheep production, the number of sheep is increasing in Europe. Based on the data from EUROSTAT (2017) , in the year 2014 there were 4.5 million sheep in Europe in organic farming, 2.9% of the total number of sheep. In the EU 4 156 884 sheep present 4.2% of the total number of sheep. In the Republic of Croatia 23 774 sheep were reared in organic farming in the year 2015, and in the recent years, a significant increase of 50.90% was recorded (Antunović et al., 2016) .
The importance of organic sheep farming in the Republic of Croatia is also indicated by the fact that from the total number of domestic animals on certified organic farms, sheep farming is 78% (CAA, 2017). Therefore, control over quality and production is necessary. Along with monitoring of production, it is also necessary to monitor the health status of animals in organic production. Lactation is a very demanding period for ewes, especially the first half of lactation, when it is difficult to satisfy the nutritional requirements of ewes because of high milk production (Antunović et al., 2011) . Due to that, significant changes in the ewes in early lactation period lead to the occurrence of metabolic disorders (Karapehlivan et al., 2007) . The blood parameters profile has become as essential tool that can be used for evaluating and monitoring the health as well as nutritional and metabolic conditions of the animals (Carlos et al., 2015) . Within that, haematological parameters are included, whose interpretation with clinical findings may suggest a specific differential diagnosis or prognosis (Braun et al., 2010; Polizopoulous, 2010) . Investigation of PCV, RBC and WBC values during the lactation period could be explained as signs of anaemia, infections, digestive disorders, and reproductive and metabolic diseases in animals (Nozad et al., 2014) . Numerous factors may influence haematological parameters in sheep as follows: living conditions, region, rearing, location, diet, age, season, as well as organic farming (Kaneko et The aim of the present research was to monitor the blood haematological parameters of ewes during lactation in organic farming.
MATERIAL AND METHODS

Animals, locations of research and diets
Biological research was carried out on 32 clinically healthy Merinolandschaf ewes during lactation and kept on one farm during winter season. Rearing and feeding of ewes were performed according to Regulation on Ecological Production of Animal Products (EZ, 834/2007). Selection of ewes was carried out according to the registers from the flock of 200 sheep of Merinolandschaf breed. The criterion for selection was the age of ewes, lactation, ewes´ origin and litter size. The ewes were an average age of 4 years in third lactation with one lamb in litter. This study was conducted from February to May 2016 at the family farm Ursic (Croatia, located 35 km south-east of Osijek, TX 42.150 0 N; long 52.647 0 E). This area is located within the Baranja region with mean annual temperature of 11.4°C, mean annual humidity 87% and sum of annual rainfall of 704.6 L, and calculated THI was 51.4. The THI values were calculated using the equation by Kibler (1964 
Sampling and analysis
Blood was collected from the jugular vein (10 ml) into Vacutainer tubes (Venoject®, Sterile Terumo Europe, Leuven, Belgium) with ethylenediamine tetra-acetic acid (EDTA) after morning feeding. The EDTA tubes were inverted several times to ensure adequate mixing of the blood with anticoagulant. Determination of haematological parameters (number of leukocyte-WBC, erythrocytes-RBC, and platelet-PLT, as well as the content of haemoglobin, haematocrit, mean corpuscular volume-MCV, the average haemoglobin content in erythrocytes-MCH and mean haemoglobin concentration in erythrocytes-MCHC) in whole blood of ewes was carried out on an automatic three differential haematology analyser Sysmex PocH-100iV. A differential blood test was carried out by microscope using the prepared blood smears coloured by Pappenheim.
Statistical analysis
Data were analysed with the statistical software SAS 9.3 ® (SAS Inst. Inc., Cary NC). The results are presented as arithmetic mean and standard error of mean estimated with MEANS procedure, while the Pearson´s correlation between blood haematological parameters was estimated with CORR procedure. The strength of correlation was determined according to scale: 0.0-0.10 none of correlation; 0.10-0.25 very weak correlation; 0.25-0.40 weak correlation; 0.40-0.50 moderate correlation; 0.50-0.75 strong correlation; 0.75-0.90 very strong correlation and 0.90-0.999 total correlation. Significant differences were determined with GLM repeated measures procedure, and differences between groups were analysed with Fisher LSD test, at the level P<0.05 or lower. Tables 1 and 2 present haematological parameters and differential blood picture in ewes during lactation in organic farming. During lactation RBC and HGB significantly decreased. Similarly, a decrease in WBC was found, although without significant difference. The content of HCT, MCV, MCH and MCHC as well as PLT number in the blood of ewes during lactation did not differ. No significant differences were observed in leukocyte distribution during lactation except for the number of BAS which significantly decreased during lactation and the number of MON which significantly decreased on 60 th day of lactation. Polizopoulous (2010) concluded that increased MCV (macrocytosis) is an indicator of regenerative response, while decreased MCHC can indicate reticulocytosis or iron deficiency anemia. However, the same author stated that in sheep, anemia is considered when PCV values fall below 24%, which is not the case in the present study where the HCT values were 0.30 to 0.33 g/L. The abovementioned indicates an increased load on the ewes´ organism in lactation due to milk secretion, as indicated by the established changes in haematological parameters. The decline in WBC count, as well as the number of basophils and monocytes during lactation in ewes´ blood, indicated their migration from blood into milk for more efficient phagocytosis and mammary gland defence against pathogens (Paape et al., 1992) . In studies with lactating goats a similar decrease of blood WBC, monocytes and basophils was also found with lactation progress (Antunović et al., 2013) . The RBC and HGB decreased during lactation, particularly during early lactation which might be attributed to the hemodilution effect resulting from an increase in plasma volume and/or the increasing water mobilization to mammary gland through the vascular system (El-Sherif and Assad, 2001). Similar changes in count of RBC and HGB in the blood of ewes and goats in early lactation were determined by Sharma Polizopoulou (2010) concluded that the differential WBC count is more important than the total white blood cell count, because changes in individual cell types may occur simultaneously, leaving total count unchanged. Generally, the changes of all haematological parameters in blood of ewes during lactation in organic farming were very small.
RESULTS AND DISCUSSION
In Table 3 , significant correlations were presented between haematological parameters in the blood of ewes during lactation in organic farming. Significant correlations were determined between most of the haematological parameters in the blood of ewes, which indicated that lactation is a very demanding period. WBC -white blood cells -leukociti; RBC -red blood cells -eritrociti; HGB -haemoglobin -hemoglobin; HCT -haematocrit -hematokrit; MCV -mean corpuscular volume -srednji volumen eritrocita; MCH -mean corpuscular haemoglobin -prosječan sadržaj hemoglobina u eritrocitima; MCHC -mean corpuscular haemoglobin concentration -srednja koncentracija hemoglobina u eritrocitima; PLT -platelet number -trombociti; SEG -segmented neutrophils-segmentirani neutrofili; LYM -lymphocytes -limfociti; EOZ -eosinophils -eozinofili; BAS -basophils -bazofili; MON -monocytes -monociti; NESEG -band cells -nesegmentirani neutrofili
CONCLUSION
Significant decrease of RBC number and content of HGB, as well as the number of BAS and MON during the lactation, were determined. In comparison with reference values, content of RBC, HGB and MCHC were slightly below, and content of MCV above reference values. The determined significant correlations between most of the haematological parameters indicate a very demanding period for ewes. The aforementioned changes indicated the need for monitoring the blood haematological parameters during lactation in organic farming.
